Conceptual understanding and physics learning process are related to each other. Conceptual understanding makes students able to transform knowledge into multiple representations and application in daily life. The aim of this research is to analyse students' conceptual understanding of heat and temperature by applying instrument Two-tier Multiple Choice (TTMC). This research is a descriptive research with subjects of the research are students of 10th grade in Surakarta in the academic year of 2016/2017 that represents the school with a high, medium and low category. Before instrument TTMC tested to sample, instrument validated by an expert. The instrument TTMC has good content validity between 0.89 -1, the reliability of the first tier is 0.82, the second tier is 0.70, difficulty index is a medium category, and distractor index has good function. Based on the data and analysis, most of students in high, medium and low categorized school have low concept understanding in temperature and expansion, in other concepts (heat, Black principle and heat transfer) they have adequate understanding. From this research, teachers know the students" concept understanding, so teachers can choose the suitable learning method in physics learning activities and teachers can develop and apply two-tier multiple choice as alternative instrument to measure students" conceptual understanding.
INTRODUCTION
One of education aims is to facilitate students to have the conceptual understanding that is expressed verbally and numerically, positivistic thinking design, group life design and spiritual contemplation design [1] . Students' conceptual understanding has become a focus on Physics Education Research (PER) for years. There are many previous types of research that have reported students' learning difficulty [2] . PER has shown that many students who are usually good at solving quantitative problem still experience conceptual difficulty.
Conceptual understanding can be defined variously. Conceptual understanding is commonly defined as learning with understanding [3] . Conceptual understanding consists of relation, comparison, assimilation, and re-organization to the new knowledge with the existing knowledge and transferring it to solve the new problem. Conceptual understanding is based on the re-organization of the existing knowledge.
It is based on the cognitive constructivist theory proposed by some experts [4, 5, 6, 7] .
Conceptual understanding is defined as a skill to determine which relevant and important idea to a problem and its accuracy in understanding the relation among microscopic attitude, macroscopic observation and symbol/ notation used to represent both [8, 9, 10, 11] .
The concept in physics learning becomes an important key to understand and apply physics in daily life. The concept enables us to understand new experience by connecting to whatever we have known. Scientific concepts are media to help in the understanding application in daily life. Physics learning with concept understanding makes physics not only remembering, but also applying the concept.
Heat and temperature are one of physics topic that conceptual understanding still low. Heat and temperature are mostly taught as science topic at the elementary and middle level. Heat is the main discussion that becomes a basic on the phenomenon of energy transfer, an important phenomenon set on some subjects, such as physics, chemistry, and biology. The importance of heat and temperature material on all science subjects demands the students have the conceptual understanding of this concept [12] . Study of heat and thermodynamics becomes an important part of physics learning [13] .
Conceptual understanding is inseparable with physics learning process. To know the students" conceptual understanding appropriate instruments are needed. There are many ways to know students" conceptual understanding, such as with the use of concept map, interview, and diagnostic test of Two-tier Multiple Choice/TTMC [14] . Two-tier Multiple Choice (TTMC) was firstly developed by David Treagust (1988) from Curtin University Australia [15] . This instrument is an objective test that consists of 2 levels. The first level is the main question (first-tier) and second level (second-tier) is the reason of answer choice. TTMC can be used to identify and to evaluate students' concept in a certain area; the answer choice on the first level is examining factual knowledge and the second level is examining the reason of choosing an answer on the first level [16] .
TTMC has the better advantage than another question form. The advantage of TTMC compared with conventional multiple-choice is to decrease error on measuring. By using conventional multiple-choice with 5 answer choices, students have a 20% chance to answer it correctly by guessing. Meanwhile, TTMC has only 4% of the correct answer by guessing [14] . Therefore, students are demanded to explain their chosen answers. In addition, through TTMC, teachers can recognize students" understanding and misconception [17] .
Based on the theories above, the researcher has conducted studies to investigate the students' conceptual understanding on heat and temperature. An analysis of students' concept understanding uses Two-tier Multiple Choice (TTMC) as an assessment instrument. The research question proposed in this study was "How is the students" concept understanding profile on heat and temperature?"
RESEARCH METHODOLOGY
This research was a descriptive research that described the profile of students' conceptual understanding of heat and temperature from the concept of temperature and expansion, heat, Black principle and heat transfer. Subjects of the research were 148 students of grade X from high, medium and low categorized school in Surakarta at the academic year of 2016/ 2017. The selection of school category was based on the score of the physics national exam of the last four years. The school category (high, medium and low) represents the rank of school based on national exam obtained from national exam score application called PAMER UN developed by education ministry of Indonesia. Data of the research was obtained from the result of students' test using assessment instrument of Two-tier Multiple Choice (TTMC). This instrument consisted of 30 questions that were based on the learning indicator on a syllabus.
TTMC instrument is effective to determine students" conceptual understanding and may be used as an alternative instrument to determine students" achievement [18] . TTMC instrument is developed to investigate the students" concept understanding because TTMC instrument consists of conceptual question with two level or two tier. The first level (first tier) is the main answer to evaluate students" conceptual, and the second level (second tier) is the reason of students" answer in first tier. The example of question in TTMC instrument can be seen in Figure 1 . Based on figure 1, teachers can investigate the students" concept understanding. The form of instrument makes the students not only remember but also apply the physics concept to solve the problem in TTMC instrument.
RESULTS AND DISCUSSION
The level of students" conceptual understanding is divided into 4 categories, high, adequate, low and very low can be seen in Table I [19] . Understanding Category 75% < P ≤ 100% High 50% < P ≤ 75% Adequate 25% < P ≤ 50% Low 0% < P ≤ 25% Very low Table I used to make the category of students' conceptual understanding based on students' answer. Students" answer had been analysed using scoring guidance or assessment rubric which then categorized its concepts. The division of the concepts was based on the syllabus used by teachers. The resulting analysis of students' answer can be seen in Table II . Table II illustrates the percentage distribution pattern which was almost the same. In each school, the concept of Black principle got the highest percentage. Based on the data at table 1, it shows that the lowest understanding percentage on the concept of temperature and expansion, meanwhile other concepts are in the adequate category. The concept of temperature and expansion has been learned by students at a junior high school.
Based the result in table II, the low percentage of students' conceptual understanding on heat and temperature materials indicates that students are still misconception in the material. This topic contains many conceptual things and becomes one of the topics that emerge misconception [13] . Heat is the most difficult physics concept in the whole of secondary science curriculum and most of students still have misconception on heat and temperature [20] .
According previous researcher, misconception profile that happened states that heat is not energy, heat is same as temperature, heat can"t be measured, temperature can be transferred, cold thing does not have heat, temperature is certain character owned by material or thing and water can reach temperature of 0°C [21] .
The average percentage of students" conceptual understanding indicates that students just remembering, so physics concept not embedded in students" thinking. The achievement graphic of students' conceptual understanding of high, medium and low categorized school can be seen in Figure 2 . Figure 1 shows the different achievement of each concept at high, medium and low categorized school. The three schools show the achievement percentage that is not much different. The highest achievement percentage is on heat concept and the lowest achievement is the concept of temperature and expansion. The lowest achievement in thermodynamic concept includes heat and temperature is also stated by another researcher, from 214 subjects of high school students indicated that 80% received 0-5 marks and 20% received 6-9 marks. This result indicates that most of the students has low conceptual understanding and lacked the understanding of heat and thermodynamic concepts [22] .
Based on the result of the students' interview, the low concept understanding on the concept of temperature and expansion was because they have been influenced by the previous concepts, whereas those concepts were not totally correct. The students" different concept can be influenced by many factors. One of those factors is that each student builds different basic concept. It is because students come to the class with different knowledge that is built from their daily life. Students" knowledge on the concept of heat and temperature is gained from daily life because it relates directly to daily life. Therefore, heat and temperature can"t be observed directly [23] . Students come from various impression and concept in their daily life. Many impressions and concepts may be wrong [24] .
The students" mistake on the concept of temperature and expansion was commonly found because they could not differentiate the characteristic of liquid thermometer filler. Students could not differentiate the boiling and melting point of some substance thermometer filler. Another mistake on this concept was that students were still confused in differentiating between specific heat, thermal conductivity, and long expansion coefficient. Most of the students consider that expansion was influenced by the value of specific heat and metal conductivity.
Students" difficulty in differentiating basic terms on temperature and heat was also stated by another researcher. Students still related the concept of thermal conductivity with cold-hot objects. Students were also confused in differentiating the concept of thermal conductivity and specific heat [25] . Temperature and heat are one of the difficult concepts to be learned [20] .Those concepts are too abstract and emerge various thoughts when students learn it. For instance, heat concept considered as flowing energy is recognized as material or substance formed like air or stream [26] . Students found high difficulty to accept that different objects would have the same temperature when it was touched at the same environment in same times [27] . Nevertheless, temperature and heat is a key concept used to understand other scientific concepts [20] .
The concept of temperature and heat is an important concept because it becomes a basis for other concepts. For example, a concept of temperature and heat is a concept that must be previously understood by students to be able in explaining thermodynamics law. On the material of electric series, the concept of temperature and heat takes a part in determining materials used in an electronic series. Modern physics cannot be separated from temperature formula as an important factor that always influences other factors.
Because of the importance of conceptual understanding on the material of temperature and heat, it needs to conduct a profile analysis of students' conceptual understanding. This analysis is important to decide the next teachers' action. Getting knowledge on students" misconception can help teachers to design learning approach that focuses on conceptual understanding. It belongs to a strategy based on the way to face students with idea disability and their strategy in building a way from a situation in which students" intuitive respond is appropriate with a scientific statement [28] .
Profile analysis of students" conceptual understanding used instrument of TTMC. TTMC is two-level instrument that can solve the weakness of multiple choice instrument in the tendency of guessing. TTMC consists of more complicated questions than other common multiple-choice forms. The main level (first tier) seems like traditional multiple-choice form (Multiple Choice Question/MCQ), in which it concerns about knowledge aspect. The second level (two-tier) seems like the format of the questions of traditional multiple-choice. However, its aim is to increase the skill of high level and expressing reasons [29] .
The developed of TTMC diagnostic test to measure students" conception. The first tier of each question related to propositional statements and parts of concept maps, and the second tier of each question contain a set of reason for answer in the first tier. The set option if second tier consist of possible misconceptions held by students [30] .
The scoring on the TTMC instrument used Graded Response Model (GRM) method adapted from Yamtinah [31] and classification of concept understanding from Tekkaya [32] . The scoring guidance of TTMC instrument can be seen in Table  III . The assessment of students" conceptual understanding using scoring guidance is at table 3 to ease the teachers in knowing the pattern of students" answer. Besides that, through this scoring teachers are able to know students" understanding through the answer given at the first and the second level. Therefore, this instrument can help teachers to make students" profile.
Students" profile can support teachers" information media to know how far the indicators have been reached by students and its difficulty [33] . Students" profile analysis was made by using Microsoft Excel program. Profile analysis of science process skill using Microsoft Excel was developed by a research from Wulandari, et al. (2015) [33] . Students' profile analysis using Microsoft Excel program only needed a simple formula to obtain the profile of students' conceptual understanding. The answer key, students' answer, and indicators on each question were imported to Microsoft Excel program to obtain category of concept understanding on each number and its achievement percentage of concept understanding on each student. The profile display of each student can be seen in Figure 3 . Figure 3 . The example of display profile of students" conceptual understanding using Microsoft Excel program Figure 3 shows the profile of students' conceptual understanding. In that profile, teachers can see the score on each number, learning indicators that have been achieved and not, and the category of students' conceptual understanding on each number. Besides that, teachers can also see the achievement percentage of students' conceptual understanding of each concept. On the material of temperature and heat, there are 4 main concepts, such as temperature and expansion, heat, Black principle and heat transfer.
Besides to know the achievement percentage on each concept, teachers can also see the total category of students' conceptual understanding. The determination of the category of students' conceptual understanding using guidance is at table 1. The analysis result of the conceptual understanding category of 148 students can be seen in Table IV . Table IV , a category of students' conceptual understanding is totally dominated on an adequate category. This case shows that it still needs a serious attempt from the teachers and the students in order that physics concept (mainly on the material of temperature and heat) can be absorbed maximum by students. Category graphic of students' conceptual understanding can be seen in Figure 4 . At figure 4 , it is clearly shown the different percentage of each category of students' conceptual understanding. The low category of students' conceptual understanding is because the students only memorize the science terms. Many students spend their time and attempt to focus on the learning result that is less important such as memorizing science vocabularies or factual information, however, they do not attempt to reach conceptual understanding [34, 35] .
Besides that, students only rely on the explanation of science concept that is not adequate with distorting scientific knowledge to be appropriate with their own knowledge, without thinking to answer questions or to copy the answer from texts or their classmates [34, 35] .
Several concept understanding consists of more than relation memories; conceptual understanding needs the skill to apply the previous learning in the previous unexpected experience [36] . Therefore, conceptual understanding can be defined as an Ausubelian meaningful learning rather than memorizing learning.
CONCLUSIONS
Based on the data and analysis, most of students in high, medium and low categorized school have low concept understanding in temperature and expansion concept, in other concept (heat, Black principle and heat transfer) have adequate concept understanding. From this research, teachers know the students" concept understanding and teachers can choose the suitable learning method in physics learning activities. In other hand, teachers can develop and apply two-tier multiple choice as alternative instrument, not only traditional multiple choice and essay test to investigate students" concept understanding.
